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Probably no other question has received such universal attention 
among biologists as that of heredity, and perhaps no avenue of 
approach in solving this question promises at present greater results 
than that of the determination of sex. It has been generally be- 
lieved until within the last few years that sex was largely deter- 
mined by surrounding conditions, such as food, heat, light, or 
other external factors. This belief was strengthened by such 
work as that of Prantl (’81) on the ferns. When prothallia were 
cultivated with abundant nutriment only archegonia developed, 
whereas antheridia were formed on those poorly nourished. It 
should be noted however, that the prothallia with which he worked 
were not strictly dioecious, but had a “‘ tendency to dioeciousness.” 

Similar experiments were performed upon other groups of 
plants, as well as upon animals, with the same general results. 
There can be little doubt that environmental factors do influence 
either directly or indirectly the development of sexual organs in 
plants where both tendencies exist. But recent and more care- 
ful experiments have shown that in strictly dioecious forms such 
factors do not determine, at least in the life history of the indi- 
vidual, which sex shall develop. 

Strasburger (00) working with plants and Cuenot (’99) with 
animals, have carefully reviewed the evidence and in their own ex- 
periments have shown that in dioecious forms sex is not determined 
by environmental factors but is inherent in the germ cells. 


[The BuLLeTIN for March, 1909 (36: 117-176. g-z1) was issued 27 Mr 
1909. 
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In view of this belief regarding the determination of sex, at- 
tention has been directed in the past few years to the study of these 
cells. Probably no single work has done more to throw light 
upon this interesting question than the carefully conducted inves- 
tigations on the dioecious mosses by the Marchals (’06). In ex- 
periments with Bardula unguiculata Hedw., Bryum argenteum L., 
and Ceratodon purpureus Brid., they have shown that two kinds of 
spores exist in every capsule in equal numbers, half of the spores 
giving rise to male gametophytes and half to female gametophytes. 
They selected mosses which may regenerate secondary protonemata 
from fragments of the leaf, stem, or rhizoid of the gametophyte, 
and in every case the sex character of the parent plant was faith- 
fully transmitted to the regenerated portions. By subjecting the 
protonemata to varied conditions of growth, they were unable in any 
case to alter the sex of the individual. These careful experiments 
seem to confirm their conclusion that the gametophytes in these 
cases contained the characters of but one sex. 

In a later paper (’07) they report the results obtained in re- 
searches on the sporophyte. By regenerating parts of the seta 
or of the walls of the capsule they obtained protonemata which 
were always bisexual in character, instead of being unisexual as in 
the case of those produced from the spores or from parts of the 
gametophyte plant. It is significant that in a great majority of 
cases these protonemata showed only male characters, a much 
smaller number showed the sex characters of both male and female, 
and a very few showed only those of the female. By further ex- 
periment with secondary and tertiary protonemata obtained from 
these apparent male and apparent female forms, they found in every 
case that both sex characters were really present, but that one set 
was latent. 

Since the gametophyte generation has but half as many chromo- 
somes as the sporophyte generation, they conclude that the uni- 
sexual character of the spores is due to two series of chromosomes 
which are separated at the time of the reduction division, or when 
the spores are formed, so that half the spores contain the series 
which can develop one sex, and half the series which can produce 
the other. At the time of fecundation these two series are again 
united, making the tissue of the sporophyte bisexual in character. 
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These experiments seemed to them to indicate that the pro- 
tonemata which are produced by the spores or by the tissue of the 
gametophyte are unisexual. However, either one of two interpre- 
tations may be given to the results: (1) The protonemata which } 
are apparently unisexual contain the characters of both sexes, but | 
one set has become latent to the extent that it does not become ) 
active by artificially varying the conditions of growth. (2) The 
characters of but one sex are really present. This latter interpre- 
tation is the one given by the Marchals. 

A similar case in the Bryophyta, that of Marchantia poly- 
morpha, has been worked out, although with much less certainty. 
It is reported by Blakeslee (’06) that the sporophyte produces two 
kinds of spores in the same sporangium, one giving rise to male 
thalli, the other to female. The gametophytes appear to be uni- 
sexual, as shown by the work of Noll, in which he cultivated 
plants of both sexes by means of the gemmae for over thirty 
generations but was unable to change the sex character of the 
thalli by growing them under varied conditions. 

Blakeslee (’06) finds a similar condition existing in JJ/ucor 
Mucedo. He states that two kinds of spores are produced in a 


single sporangium, the one giving rise to I male mycelium, 
the other to unisexual female. He find e zygospores are 
bisexual. Although neither in Marchantia ¥ in Mucor were the 


proportions of the two kinds of spores obtained, yet as far as the 
observations go they seem to indicate that the same general phe- 
nomenon obtains as was found by the Marchals in the dioecious 
mosses. 

I have been unable to find any account of -work done on the 
Pteridophyta that would indicate the occurrence of two kinds of 
spores in the same sporangium. Prantl (’81) and Duval-Jouve 
(63) working on the ferns and equisetums, respectively, both state 
that there is a tendency to dioeciousness but that occasionally 
both sex organs may be found ona single prothallium ; Stras- 
burger (’00) also believes that dioeciousness has not been fully 
established in the ferns. Wherever dioeciousness occurs in the 
Pteridophyta, it is apparently associated with heterospory, and it 
must follow that in these cases the separation of the two ten- 
dencies occurs previous to spore formation. The difference then 
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in the dioeciousness of the Bryophyta and Pteridophyta would 
seem to be merely one of time as to the separation or dominancy 
of one tendency, in the former appearing with the production of 
the spores, in the latter before spore formation. 

Owing to the parasitism of the female gametophyte, the 
Spermatophyta do not lend themselves so readily to experimenta- 
tion. However, the unique and careful work of Correns (’07) on 
Bryonia indicates that two kinds of microspores are formed in 
dioecious flowering plants ; one through fertilization causes a stami- 
nate sporophyte to develop, the other a pistillate. 

In this work Correns pollinated the pistillate flowers of the 
dioecious Bryonta dioica with pollen from the monoecious Aryonia 
alba ; the offspring were in the main dioecious, a few staminate 
flowers appearing on the same plant with the pistillate but soon 
dying. This showed that dioeciousness dominated monoecious- 
ness, though not completely. Furthermore, the offspring were 
pistillate, no staminate plants being developed; this showed that 
the pistillate character of the dioecious plant dominated the stami- 
nate character of the monoecious plant. Correns concludes, there- 
fore, that all egg cells of Bryonia dioica bear the same tendency, 
and that this tendency is to develop pistillate plants. 

He next pollinated the pistillate flowers of Bryonia dioica with 
pollen from the staminate flowers of the same species, and obtained 
in the offspring twenty-one staminate and twenty-one pistillate. 
Since he used flowers from the same pistillate plant as in his first 
crossing, the staminate character must have been introduced by 
the pollen spores ; and since half of the offspring were staminate, 
and the egg contained the pistillate tendency, it would follow that 
there is a difference in the pollen spores. 

In the third place he pollinated the pistillate flowers of Bryonta 
alba with pollen from Bryonia dioica and obtained all dioecious off- 
spring, thirty-eight staminate and thirty-eight pistillate ; this further 
showed that dioeciousness was dominant. He concludes from 
this and the preceding experiment that the pollen spores of ABry- 
onia dioica are of two kinds or otherwise all plants would have 
been pistillate as in his first experiment. These results were so 
unexpected, he says, that he tried them over and over with differ- 
ent individual plants but always with the same results. These 
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noteworthy investigations on dioecious flowering plants, he 
believes, warrant the following conclusions: (1) The egg has a 
sex tendency whichis female. (2) In each microsporangium two 
kinds of pollen spores are formed in equal number ; half having the 
tendency to develop staminate individuals and half to develop 
pistillate individuals. (3) The staminate tendency dominates the 
pistillate tendency. 

Noll (’07) in his work on the dioecious Cannadis has been led 
practically to the same conclusions as those of Correns, and inde- 
pendently of the latter’s results. It has been known for some 
time from the observations of Heyer, Haberlandt, and Strasburger 
that in a state of nature the distribution of staminate and pistillate 
plants in the dioecious forms is nearly equal. Heyer found, after 
observations on several thousand individuals, that in Mercurialis 
annua the proportion was 106 staminate to 100 pistillate ; in the 
same species Strasburger found the ratio to be 103.8 staminate to 
100 pistillate, and in Melandrium album he found 100 staminate to 
128.16 pistillate. In Cannadis, Heyer found from 40,000 plants 
the proportion to be 100 to 114.93; Haberlandt in Austria in the 
same species found 100 staminate to 120.4 pistillate ; and Fisch in 
Erlangen found from 66,000 plants 100 staminate to 154.24 
pistillate. To determine the cause of this ratio, Noll first gathered 
seeds from various individual plants of Cannadis which had been 
pollinated by natural agencies. On growing these seeds he found 
that the percentage of staminate and pistillate offspring derived 
from the seeds of a single plant varied materially from the normal 
ratio. In some extreme cases only 10 per cent. were pistillate, 
while in other extreme cases go per cent. were pistillate ; it should 
be stated that in general there was no such extreme variation. 
From this evidence he concludes that the egg does not determine 
the ratio, otherwise there would not be such extremes of variation. 

In the second place he crossed individual pistillate plants with 
the pollen from a single anther, with the result that the ratio of the 
offspring showed a very close approximation to the normal. From 
a plant crossed with pollen from a single anther there were obtained 
100 staminate and 117.3 pistillate, while from a plant crossed with 
the pollen from a single inflorescence there resulted 100 staminate 
and 121.6 pistillate. Noll was led to believe from these experi- 
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ments that the ratio of staminate and pistillate plants in the off- 
spring is determined by the pollen spore and not by the egg. Al- 
though the conclusions seem hardly warranted from the data, yet 
they are in harmony with the results obtained by others. 

It is the belief of the Marchals, of Correns, and of Noll, that 
this separation of the tendencies occurs in the formation of the 
spores. Although dioeciousness, as the term is usually applied, 
refers to the gametophyte in the Bryophyta and to the sporophyte 
in the Spermatophyta, yet it is very probable that the separation 
of the two tendencies is fundamentally the same in both groups; 
for in both groups two kinds of spores are produced in the same 
sporangium or microsporangium in equal number. 

From the experiments thus far carried on in plants it would 
seem that possible assistance in the solution of the problem of the 
determination of sex in dioecious forms may be had in the study 
of spore formation. Much attention has been given in recent 
years to the study of the spores in plants and to the germ cells 
in animals; so that at present their general morphology is well 
understood. It may be regarded, at least as a working hypothe- 
sis, enforced by the classical work of Boveri on the dispermic sea- 
urchin egg, that each chromosome or group of chromosomes 
bears a definite relation to the development of particular parts of 
the organism. With this as a basis, the works of McClung, 
Stevens, Montgomery, Wilson, and others on the spermatogenesis 
of insects are particularly significant. It has been found in nearly 
one hundred species that there are two kinds of spermatozoa pro- 
duced in equal number, differing in the character of the chromo- 
some complex. In these cases there are two methods of forma- 
tion of the chromosomes; most of them are formed by the seg- 
mentation of the spireme thread, but the so-called ‘ accessory” 
or “idiochromosomes’’ (Wilson, ’0ga@) arise generally at least 
from a chromatin nucleolus. The difference in the two kinds of 
spermatozoa formed is due to the distribution of these idiochro- 
mosomes. Regarding the determination of sex these facts are ot 
special interest, since the fertilization of the egg with one kind of 
spermatozoa always produces a male individual, while fertilization 
with the other kind produces a female. The natural inference is 
that it is the idiochromosomes which have to do with the determi- 


nation of sex. 
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Wilson (’09a@) in his comparative review of the types of sexual 
differences of the chromosome groups, divides the known cases 
into five classes as follows : 

1. ‘“ Both sexes with the same number of chromosomes, a pair 
of equal idiochromosomes present in both. No visible difference 
between the two classes of spermatozoa or between the male and 
female somatic groups.”’ 

2. “ Both sexes and both classes of spermatozoa with the same 
number of chromosomes ; the male with a pair of unequal idio- 
chromosomes, half the spermatozoa receiving the large one and 
half the small one.” 

3. “The female chromosome group with one more chromo- 
some than the male. The male with an unpaired idiochromosome 
and an odd spermatogonial number, half the spermatozoa receiving 
the idiochromosome and half being without it.’’ 

4. Female group (by inference only) with two more chromo- 
somes than the male. In the male a pair of unequal idiochromo- 
somes, half the spermatozoa receiving both these idiochromosomes, 
and hence two more than the other half.” 

5. ‘‘ Female group with three more chromosomes than the 
male. Half the spermatozoa receiving three more chromosomes 
than the other half.”’ 

Wilson (’06) has been able to show very clearly a progressive 
series from forms in which there is a visible difference in number 
or in size of the idiochromosomes to those in which there is no 
visible difference in either number or size, as for example those 
included in his first class. He regards this class “ as very important 
as a sort of connecting link to forms, perhaps the more usual, in 
which there is no visible difference.” 

It is generally believed that in plants the chromosomes are 
formed by .the segmentation of the spireme thread. The careful 
work of Allen (’05) on Li/ium, together with the works of others 
on the same genus, seems to leave no doubt that in these forms 
all of the chromosomes are formed in this manner. In the work 
of Gregoire ('04) on 7rillium, in that of Martins-Mano (’04) on 
Solanum and Phaseolus, and in fact in all of the literature 
examined, I have found no case where any of the chromosomes 
are reported to be formed in any other manner. A _ possible 
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exception is that of Spirogyra ; but because of the very small size 
of the chromosomes there has arisen among the workers on this 
genus a difference in interpretation of the observations which leaves 
the case at present in a very uncertain position. 

It is important to note that all of the work done on the forma- 
tion of the chromosomes in the plant cells has been done on 
hermaphrodite forms. 


OBSERVATIONS ON THE POLLEN SPORE FORMATION IN Acer 
Negundo 

It was my purpose in taking up this study to determine if there 
is a behavior of the chromosomes in dioecious plants analogous 
to that found in the spermatogenesis of insects, and apparently 
having to do with the determination of sex. After examining the 
anthers of several of the dioecious Angiospermae, I found in Acer 
Negundo L., a maple reported to be strictly dioecious, a nucleus 
with comparatively few chromosomes. Another feature which 
makes this plant especially favorable for study, is the successive 
stages of development found in each loculus of the anther, the 
youngest stages being at the base, the oldest at the top. 

The mother cells in the early stages are differentiated from the 
surrounding tapetal cells in possessing a greater amount of chro- 
matin-staining material in the form of a single, spherical nucleolus. 
A small amount of linin is visible with a few nodes or denser por- 
tions, but these do not take chromatin stain (FIG. 1). 

The first visible change of the cell during the early growth 
period, is a slight increase in size of the nucleus and the appear- 
ance of a small bud-like process on the nucleolus (FIG. 2). This 
chromatin-staining mass gradually comes from the nucleolus in the 
form of a spherical body; at first it seems to be attached by a 
thread but soon becomes free and migrates to the nuclear wall, 
where it becomes connected with the linin and soon diffuses out 
upon it to build up the spireme thread (Fics. 3-6). Soon after the 
first body is given off another one appears and behaves in the same 
manner as the first (Fics. 5, 6). From the fact that these bodies 
gradually lose their chromatin-staining capacity and the reticulum 
at the same time becomes more apparent, there can be little doubt 
but that these are masses of chromatin which go to make up the 
spireme thread. 
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As growth continues more of these bodies come from the 
nucleolus, often two at a time ; the exact number, however, could 
not be determined because those coming off first lose their identity 
before the later ones appear. It seems certain that these bodies 
are coming from the nucleolus rather than going into it, for in the 
same section the nuclei at the bottom of the anther, which con- 
tains the youngest stages, have bud-like processes just appearing, 
while farther up they are merely attached, and in the uppermost 
parts they have migrated to the wall of the nucleus. This very 
marked progressiveness in development in the same anther is of 
prime importance in considering the successive stages. 

These chromatin bodies differ somewhat in size; and as they 
continue to appear the denser portions of the linin take the chro- 
matin stain more deeply, and soon these nodes begin to disappear 
and the thread becomes more or less continuous (FIG. 10). Owing 
to the size of the thread at this stage, I could not determine whether 
it was split or not; it appears somewhat jagged or irregular in 
places, often bead-like, as frequently noted by other observers at 
this stage (FIGS. 10, II). 

The chromatin bodies usually cease to come off from the 
nucleolus at about the time when the spireme thread is well formed 
and takes the chromatin stain deeply. Synapsis now follows very 
quickly and the thread always appears to be associated with the 
nucleolus (FiG. 12). After this stage the thread unfolds and there 
appear thickenings upon it; often two threads may be seen to be 
parallel and sometimes united for a part of their length. The 
thickening thus formed becomes more condensed and finally the 
thread segments ; successive stages show that this is the method 
of formation of at least some of the chromosomes (FiGs. 15-18). 
The details in the formation of the chromosomes could not be deter- 
mined with accuracy ; however, it appears from the study of many 
preparations in this stage, that many if not all are formed by the 
approximation and fusion of two threads. Eight chromosomes 
are formed by the segmentation of the spireme thread (Fics. 16- 
20). There can be no doubt about the number thus formed ; for 
in scores of uncut nuclei only eight could be detected during these 
successive stages. 

Just previous to the formation of the synaptic knot, a large 
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body appears coming from the nucleolus (Fics. 10-12); at first it 
does not stain deeply with chromatin stains, but gradually it ac- 
quires the same staining capacity as the spireme thread. This body 
does not become freed for some time, at least not until the chromo- 
somes derived from the thread are well formed, nor does it appear 
at any time to be associated with the thread in any way. During 
the first stages after synapsis this large chromatin body, which 
may be called a chromosome, shows very clearly a splitting (FIG. 
13); this splitting is more or less visible until after this chromo- 
some is freed. Occasionally, but not often, small chromatin 
bodies are given off from the nucleolus at this stage, similar to 
those given off before synapsis and these also function as those 
which served to build up the spireme thread (Fic. 14). They 
certainly do not behave like the bivalent chromosome which re- 
mains attached for so long a time to the nucleolus. 

While the eight chromosomes formed from the spireme are 
becoming clearly defined, the one on the nucleolus gradually comes 
farther out and in addition one or two others make their appear- 
ance in a similar manner (FIG. 20). Each one of the chromosomes 
thus formed from the nucleolus shows very clearly the bivalent 
character ; as they become freed, however, they appear more and 
more condensed so the splitting cannot be seen. There seems to 
be some variation in the number of chromosomes which appear at 
any one time upon the nucleolus, sometimes two or even four may 
be seen ; but in every case no two seemed to be freed at the same 
time nor do two ever arise in succession from the same place. In 
all five chromosomes are thus derived. To illustrate the many 

‘successive stages found in the same loculus of an anther, it may 

be noted that FIGURES I5, 16, 20, 21, 22, are drawings from the 
same anther, while FIGURES 17, 18, 19, were taken from another 
single anther in the same stage of development. 

Soon after the fifth chromosome makes its appearance on the 
nucleolus, the nuclear wall breaks down and the chromosomes 
become arranged in the equatorial plate ; in the numerous nuclei 
examined in this stage, hardly two polar views showed the same 
arrangement of the chromosomes. There is also to be seen a 
slight difference in size of the chromosomes but the difference is 
not sufficient to enable one to identify any particular individual 
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with certainty. During the interval from the collapse of the 
nuclear wall to the arrangement of the chromosomes in meta- 
phase, the chromosomes have become more condensed (FIGs. 22, 
23). At this metaphase stage one or more bodies are found in 
the cytoplasm, which are undoubtedly remains of the nucleolus, 
and which finally disappear. It is very evident that these are not 
chromosomes located at some distance from the others, for in sub- 
sequent stages where counts can be made only thirteen chromo- 
somes exist ; and in side view these bodies have no connection 
with the spindle. 

Particular attention was given to the first nuclear division to 
determine if there is any unequal distribution of the number or in 
the size of the chromosomes analogous to what has been found in 
the spermatogenesis of insects; but all observations indicate that 
each chromosome splits into equal halves and each half moves to 
opposite poles of the spindle. Polar views of the nuclei in ana- 
phase stages of the first division (rics. 24 a and 6), and in meta- 
phase of the second division (FIG. 33), both show the same number, 
thirteen ; numerous counts were made of these stages so there can 
be no doubt about the equal distribution. Side views of the spindle 
during the metaphase and anaphase stages also show, as nearly as 
could be determined, that each chromosome splits into equal 
halves ; the only irregularity noticed was that some of the chromo- 
somes in some nuclei divide before others, but in late anaphase all 
seem to be in about the same plane. 

As the chromosomes are gathered at the poles, they are so 
massed that their individuality cannot be determined ; very soon, 
however, the nuclear membrane is formed and as it increases in 
size chromatin masses become readily distinguishable (F1G. 25). 
In each daughter nucleus there is found one large chromatin mass 
and a few smaller ones varying somewhat in size. Many observa- 
tions seem to indicate that these smaller chromatin masses pass 
into one large mass in one of the daughter nuclei, while in the 
other daughter nucleus they unite so as to form two chromatin 
masses of unequal size (FIGS. 25, 26, 28). As a consequence, the 
two daughter nuclei present a different appearance at this stage in 
their reconstruction by one containing one large and one small 
chromatin-staining mass, while the other contains but one large 
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one. This seems to be a very general phenomenon. Ina very 
few cases, however, two bodies were seen in each daughter nucleus 
(FIG. 27). Many successive stages were observed in the same 
loculus of an anther (FIGS. 25-30 were taken from the same locu- 
lus) so there can be little doubt about the general order and suc- 
cession of these changes. 

As a general rule the secondary chromatin body to be found 
in the one nucleus ultimately fuses or coalesces with the larger 
one so that each daughter nucleus simulates a resting condition 
(FIG. 29). At this stage the nuclei appear very similar to the 
nucleus of the mother cell, possessing the small non-staining 
bodies about the nuclear wall. Occasionally the secondary 
chromatin mass found in the one nucleus does not fuse with the 
larger one ; this lack of fusion is probably due to the shortness of 
time which intervenes between the first and second divisions. 

Owing to the rapidity of development and to the small size of 
the nuclei, the formation of the chromosomes for the second divi- 
sion could not be followed with the detail obtained for the first. 
No spireme was noticed during these stages, but in many cases 
the spherical chromatin masses were clearly seen coming from the 
nucleolus, as observed in the formation of the thread for the first 
division. It should be noted in cases where the secondary chrom- 
atin mass has not fused with the larger one,—as sometimes 
occurred in the reconstruction of one of the daughter nuclei after 
the first division, — that this secondary mass as well as the large 
one gave off spherical bodies which served to build up the spireme 
thread (FIG. 31). In later stages many nuclei were found that 
showed the bivalent chromosomes coming from the nucleolus 
(FIGS. 30-32), clearly indicating the same general phenomenon as 
occurred in the formation of the chromosomes for the first divi- 
sion. The number of chromosomes formed in this manner could 
not be determined with accuracy, but there is no reason to believe 
that there is a difference in behavior from the first division, where 
eight were formed by the segmentation of the spireme and five 
from the nucleolus. 

In the polar view of the metaphase stage of the second division 
(FIG. 33), thirteen chromosomes are to be seen in each plate. 
Owing to the small size, the division of the chromosomes could 
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not be accurately determined, but in side views there appeared no 
irregularity in the figure which might indicate an unequal dis- 
tribution ; it seems probable that each chromosome divides so 
that each of the four daughter nuclei receives the same number. 

As the nuclear membrane begins to be formed for each 
daughter nucleus, several masses of chromatin are visible in each; 
and as fusion of these masses continues it is found that the two 
daughter nuclei derived from one of the nuclei contain one more 
chromatin mass than do the other two (FIGs. 34, 35). No cell 
walls are formed until after the second division is completed ; this 
enables one to identify with certainty the two nuclei derived from 
the same mother nucleus. Although a less number of nuclei 
was observed in this stage than in the reconstruction of the 
daughter nuclei after the first division, this phenomenon of the 
extra chromatin mass appears to be even more constant in the 
reconstruction after the second divsion. 

As to the significance of this difference in the behavior of the 
chromatin in the two sets of daughter nuclei, we can only conjec- 
ture. The fact that it commonly occurs in the first division and 
that the two daughter nuclei hand on these respective characters 
to the nuclei derived from them, leads us to suspect that this dif- 
ference in behavior of the chromatin is in some way connected with 
an essential difference in its character. 

Ultimately the second chromatin body fuses with the larger 
one, so that in the complete resting stage all four nuclei have the 
same appearance (FIG. 36), resembling the resting stage of the 
mother-cell nucleus. The four pollen spores are formed by the 
simultaneous division of the cytoplasm into four parts, each con- 
taining a nucleus. 

SUMMARY OF OBSERVATIONS 

A, All of the chromatin is contained in the single spherical 
nucleolus in the resting stage. The nucleolus may not be entirely 
chromatin, since at the time of division fragments of it are thrown 
out into the cytoplasm, where they gradually disappear. 

B. The spireme is built up by the chromatin coming out of the 
nucleolus in the form of several spherical bodies, which may vary 
somewhat in size; these become attached to the linin and diffuse 
out upon it. Usually all of these bodies appear before synapsis. 
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C. Eight chromosomes are formed by the segementation of 
the spireme thread. 

D. Five bivalent chromosomes come out of the nucleolus after 
synapsis and after the spireme has become segmented into the other 
eight. 

£. There is no unequal distribution of the chromosomes in the 
first division, and probably none in the second ; so that each pollen 
spore contains thirteen chromosomes. 

F. In the reconstruction of the daughter nuclei after the first 
division, each nucleus contains one large chromatin mass and 
several smaller ones which lose their staining capacity as their 
chromatin passes into the large mass. A secondary chromatin 
mass appears in one of the two daughter nuclei; this may or may 
not fuse with the larger mass. 

G. In the formation of the chromosomes for the second divi- 
sion, as nearly as can be determined, the same phenomena occur 
as in the first division ; where two chromatin masses occur in one 
of the daughter nuclei of the first division, the smaller mass, as well 
as the large one, gives off chromatin in spherical bodies to build 
up the chromosomes. 

H. In the reconstruction of the daughter nuclei after the second 
division, the two derived from one nucleus contain each one more 
chromatin mass than the two derived from the other. This differ- 
ence in behavior of the chromatin in both the first and second 
division seems to indicate a difference in the nature of the chromatic 
substance in half of the nuclei. In the resting stage, all nuclei 
have the same appearance, each with a single, spherical nucleolus 
and several non-staining bodies around the nuclear wall. 


GENERAL CONCLUSIONS 


The storage of the chromatin in the nucleolus and its later be- 
havior in building up the thread, as noted in Acer Negundo, does 
not appear to be a phenomenon newly observed. Wager (’04) in 
his work on the root-tip of Phaseolus, believes that the nucleolus 
in the species studied contains nearly all of the chromatin; and 
that it is transferred previous to division into the spireme thread, 
which then segments into chromosomes. He reviews the litera- 
ture upon the subject and comes to the general conclusion that in 
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some species the chromatin is contained in the nucleolus and in 
some apparently not; where it is thus contained the chromatin 
seems to be transferred by the thread becoming attached to the 
nucleolus. Cardiff (’06) figures a bud-like process attached to the 
nucleolus of Acer platanoides and thinks that it illustrates the 
manner of transfer of the chromatin from the nucleolus to the 
spireme thread. I have observed in the pollen mother cells of 
Zea Mays these bud-like processes which I believe to function in 
the same way. As tothe manner in which the chromatin is trans- 
ferred to the thread, I find, however, no case in plants, which has 
been thoroughly investigated, that corresponds to the condition 
reported in this paper, although this method of transference may 
not be uncommon. 

Cytologists are practically unanimous in the belief that the 
chromosomes in plants are formed by the segmentation of the 
spireme thread. The only process analogous to the formation 
of the five chromosomes which come out of the nucleolus in Acer 
Negundo is that found in the formation of the idiochromosomes 
in insects. It might be urged that the case is not analogous, be- 
cause in Acer Negundo all of the chromatin is contained in the 
nucleolus and that these five chromosomes are merely delayed in 
their formation ; nevertheless the significant fact remains that the 
formation of these five is different from that of the other eight in 
that they come from the nucleolus already formed. It is to be 
noted, moreover, in insects that sometime during the life history 
of these idiochromosomes they are contained in a chromatin 
nucleolus, and in many cases they are at some period associated 
with the true nucleolus or plasmosome. So far as the observa- 
tions go, this case of Acer Negundo seems to correspond in a gen- 
eral way to those insects which Wilson includes in Class I, where 
the two kinds of spermatozoa contain idiochromosomes of the same 
number and of the same size. The evidence at present is far too 
meager to warrant any definite conclusion as to the nature of the 
five chromosomes, which are somewhat suggestive of idiochromo- 
somes if the manner of their formation. 

The common occurrence of the difference in behavior of the 
chromatin in the two nuclei attracted my attention from the first 
and led me to examine the phenomenon with a view to determine 
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if there was an essential difference in the character of the chro- 
matin. I suspected at first that it might be due to an extra chro- 
mosome, but further study showed that each nucleus contained 
the same number. It is not impossible, however, that there may 
be two series of chromosomes that are inherently different in char- 
acter and which are, therefore, handled differently in the recon- 
struction of the nuclei. On the other hand, I find Wager (’04) 
states that in the vegetative cells of Phaseolus the nucleoli origi- 
nate by the fusion of the chromosomes, first into a number of 
small nucleolar masses and then by further fusion into the large 
nucleoli found in the mature cell. Some of his figures seem to 
indicate that the fusion of these bodies does not take place at the 
same time in each daughter nucleus ; and from an examination of 
figures of other works this feature does not appear to be uncom- 
mon. In view of these facts, it is impossible to judge how much 
weight should be attached to this behavior of the chromatin in the 
spore formation of this dioecious species; but the fact that it occurs 
so regularly in the great majority of cases during the early stages 
of reconstruction, leads one to believe that it may not be without 
significance. Considering the experimental work of Correns, it is 
very tempting to conclude that this may have something to do 
with the determination of the two kinds of pollen spores ; how- 
ever, we can hardly be justified in drawing any conclusion. 
Coming now to the consideration of dioeciousness, the facts 
point very strongly to the conclusion that in the dioecious mosses, 
and probably in the dioecious Bryophyta generally, there is a 
dominancy and a separation of the tendencies in the formation of 
the spores. Evidently there is no such separation in the spore 
formation of hermaphrodite mosses; each spore must possess 
both tendencies. One of the tendencies, however, must dominate 
the other at some time during the germination of the spore pre- 
vious to the formation of the sex organs. It does not seem in- 
conceivable that this dominancy may take place in the vegetative 
cell, possibly due to external factors or conditions ; this seems to 
be evidenced by the work of Prantl, Klebs, and others on various 
groups. Marchals’ work clearly shows that fertilization brings 
both tendencies together, making the sporophyte tissue bisexual 
in character. By means of the protonemata regenerated from this 
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tissue they find that one tendency may be dominant and the other 
latent or recessive throughout the development of the gameto- 
phyte; or in other cases they find that both tendencies may be 
potent so that both sex organs develop. 

In the Pteridophyta the tendency to dioeciousness, as noted by 
Prantl and Duval-Jouve in the ferns and equisetums, may be ac- 
counted for on the grounds that a complete dominancy of the two 
tendencies does not take place at the time of spore formation, but 
this dominancy arises at a later period depending directly or indi- 
rectly on external conditions. In the heterosporous Pteridophyta 
the dominancy of one tendency occurs at some time previous to the 
formation of the spores, so that the two kinds are found in differ- 
ent sporangia. The essential difference, therefore, between the 
dioeciousness of the Bryophyta and of the Pteridophyta is that in 
the former there is a dominancy and separation of the tendencies 
in the formation of the spores, and in the latter there is no such 
dominancy and separation attending spore formation. . In the isos- 
porous ferns this dominancy occurs after the formation of the spores 
and in the heterosporous forms before. This interpretation seems 
to be in accord with the work of Morgan (’og) on the phyllox- 
erans; he finds that there are two kinds of eggs produced, a 
large female-producing egg and a smaller male-producing one. 
These eggs develop parthenogenetically, each forming but one 
polar body. Both eggs previous to the formation of the polar 
body contain the somatic number of chromosomes, twelve ; after 
the formation of this body, the female-producing one contains 
twelve, the male-producing ten. Since the size of these two kinds 
is evidently determined at another time than at the reduction divi- 
sion, it may be cited as further evidence that a dominancy may 
occur other than at the time of spore formation. 

The monoecious and hermaphrodite Spermatophyta present a 
somewhat different condition. It seems very evident that the spo- 
rophyte tissue is bisexual in character, but that one tendency may 
dominate the other. Observations show that the willows, which 
are usually dioecious, may occasionally develop both sex organs. 
Another case is that of Melandrium, as reported by Strasburger 
(00); when the pistillate flowers are attacked by Ustilago, the 
primordia of the stamens, which otherwise do not develop, produce 
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the mother-cell stage in the anther. Kerner shows that all stages 
may be found from those forms in which both functional stamens 
and pistils are produced, to those where only stamens or pistils 
develop. In fact all kinds of combinations and stages from strictly 
hermaphrodite forms to strictly dioecious ones exist. All of these 
facts might be interpreted as pointing to the conclusion that both 
tendencies do exist in the sporophyte but that one may be more or 
less dominant. If these tendencies should be of sufficient potency, 
then a hermaphrodite sporophyte would result; if the potency of 
the two varied, then one or the other of the tendencies would 
appear in proportion to their potency. 

Considering the case of dioecious Spermatophyta, the only evi- 
dence at hand seems to indicate that there are two kinds of pollen 
spores, and that the sporophyte resulting from one kind will be 
staminate and from the other pistillate. As to the sex tendency of 
the megaspore there is little evidence ; Correns’ work seems to in- 
dicate that it contains the tendency to develop pistillate individ- 
uals. However, the evidence at present is not sufficient to warrant 
any conclusion as to whether there is a dominancy or a separa- 
tion of the tendencies in the formation of the megaspore. 

In conclusion I may briefly state the current hypotheses 
regarding the determination of sex. I use the term “ tendency” 
in the sense of “power to develop,” as I have in the preceding 
discussions. 

Correns (’07) believes that the female organism contains only 
the female tendency and that it is recessive to the male; while the 
male contains both tendencies, the male dominant and the female 
latent. 

Punnett and Bateson’s ('08) hypothesis is practically the reverse 
of that of Correns. They believe that the male contains only the 
male tendency and that it is recessive to the female; while the 
female contains both tendencies, the female dominant and the 
male recessive or latent. 

Wilson (’09 4) accounts for the determination of sex on a cyto- 
logical basis. He concludes that the female tendency is the result 
of one or more X-elements which are not found in the male; this 
X-element may be represented by an idiochromosome. He 
believes that the male contains the determining factors, and so in 
a general way agrees with Correns. 
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Castle (’09) explains sex determination as dependent upon the 
presence of a factor or factors which are inherited in accordance 
with Mendel’s law. Femaleness is due to the presence of this 
factor or factors and maleness to its absence. The differential 
factor is transmitted in two ways: (1) The differential factor is 
doubly represented in the female, which is homozygous, 7. ¢., gives 
rise to similar gametes. The male, characterized by but one 
differential factor, is heterozygous, 7. ¢., gives rise to two gametes, 
one possessing and the other lacking the differential factor. Sex 
determination therefore rests with the male parent, for when ferti- 
lization is effected by the male gamete possessing the differential 
factor males result. The female is homozygous dominant, not, as 
Correns supposed, recessive; while the male is heterozygous 
dominant, pure recessives being unknown. (2) The differential 
factor appears in but one of the gametes, 7. ¢., the egg. There- 
fore sex must be determined by the female (egg) since the male 
does not carry the differential factor. The female is heterozygous 
dominant and the male is homozygous recessive ; homozygous 
dominants are unknown. 

I desire to express my hearty appreciation for helpful suggest- 
ions and criticisms to Professors C. C. Curtis, E. B. Wilson, and 
T. H. Morgan. 


COLUMBIA UNIVERSITY, 
March 22, 1909. 
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Explanation of plates 12-14 


All figures were made by means of a camera lucida with Spencer 1.5 mm, objec- 
tive and Leitz compens. ocular 12. The original drawings were reduced one third ; 
all figures are magnified 3,000 diameters. . 


PLATE 12 


1. Mother cell in early growth period with single, spherical nucleolus and non- 
staining bodies on linin. 

2. Mother cell showing chromatin body just appearing on the nucleolus. 

3. The nucleus slightly larger, the chromatin body farther out from nucleolus. 

4. The chromatin body nearly free, attached by a thread. 

5. Chromatin body free, a second appearing. 

6. The first chromatin body attached to the linin and beginning to lose its chro- 
matin. The second nearly free. 

7. Several chromatin bodies diffusing out on the linin, others appearing. The 
thread becoming more apparent. 
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8. A later stage showing two bodies appearing at a time. 

9. The thread well formed, the last bodies becoming free from the nucleolus. 

10. The thread is formed; a chromosome which stains very lightly appears com- 
ing from the nucleolus. 

11. The thread begins to knot up toward one side of nucleus. 

12. The contraction phase with the thread in a knot at one side of nucleus, asso. 
ciated with the nucleolus. The chromosome upon the nucleolus takes the chromatin 
stain more deeply. 

13. The thread unfolding; the chromosome on the nucleolus shows its bivalent 
character. The cytoplasm begins to pull away from the cell wall. 

14. A little later stage, in which a chromatin body is coming from the nucleolus 
like those in 3; this is not a very common phenomenon. 

15. The threads begin to become parallel and a thickening appears preparatory to 
the formation of the first chromosome from the thread. 


PLATE 13 


16-19. Successive stages of formation of the eight chromosomes from the thread. 
The chromosome remains attached to the nucleolus but still shows its bivalent character. 

20, The eight chromosomes from the thread are well formed. One chromosome 
nearly freed from the nucleolus, three others appearing in succession. 

21. One chromosome entirely freed from the nucleolus, a second merely attached 
by a thread, a third and fourth just appearing. 

22. Three chromosomes freed from the nucleolus, the other two apparent at oppo- 
site ends of the nucleolus. Cytoplasm well drawn away from the cell wall. 

23. Polar view of the thirteen chromosomes in metaphase, showing some difference 

n size of the chromosomes. 

24, a and 4. Polar views of a single nucleus in anaphase, in which each chromo- 
some has split and each half is moving toward opposite poles. 

25. Early stage of reconstruction of the daughter nuclei, showing the one large 
chromatin mass in each, together with several smaller ones which vary in size and stain- 
ing capacity. The smaller masses seem to pour their chromatin into iarge ones. 
Remains of nucleolus may be seen in cytoplasm. 

26. A later stage of reconstruction showing nearly all of the chromatin lodged in 
one large mass in one cell and in one large and one small in the other. 


PLATE 14 


27. An uncommon stage, in which there are two chromatin bodies in each daughter 
nucleus. In one nucleus they appear to be of more equal size than in the other; the 
large mass in one appears somewhat irregular due to the fusion of the smaller masses. 

28. A very common stage, in which one nucleus has the one chromatin body, the 
other the large and small one. 

29. All of the chromatin has fused into one large mass in each nucleus. The 
smal! non-staining bodies appear around the wall of the nucleus. 

30. Early stages preparatory to the second division. The bivalent chromosomes 
just appearing on the nucleolus. 

31. Later stage showing in one of the nuclei the secondary chromatin mass giving 
up its chromatin in small spherical bodies to form the other chromosomes. 

32. A stage just previous to the breaking down of the nuclear wall; the bivalent 
chromosomes clearly visible, coming from the nucleolus. 
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33. Polar views of the metaphase of the second division showing thirteen chromo- 
somes in each plate. 

34. Early stage in reconstruction of the daughter nuclei; the ones opposite each 
other are derived from the same nucleus; the two derived from one show three chro- 
matin bodies each, the other two show but two each. 

35. A later stage in reconstruction, in which the bodies are all fused into one chro- 
matin nucleolus in two of the nuclei ; while in the other two fusion is taking place in 
one and not in the other. 

36. The resting nuclei after the second division ; each nucleus contains the single 
spherical nucleolus with the small non-staining bodies about the nuclear wall. 
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Notes on North American Hypocreales — Il. Nectria Peziza * 
FRED J. SEAVER 


(WITH PLATE 15) 


Sphaeria Pezsiza was described by Tode in 1791, and while 
there is probably no type specimen in existence, the illustrations 
and descriptions by Tode seem, from our observations, quite defin- 
itive of the species. While many species of the present and 
closely related genera cannot be distinguished except by a close 
microscopic study of the spore-characters, thus rendering illustra- 
tions of gross characters, only, valueless, this is not true of the 
one here treated. Having observed and studied this species for 
the past five years in the field, covering an extensive range of 
locality, we find that there are few members of the genus, if any, 
which are more easily recognized on external characters. Add to 
this, on microscopic examination, the broadly-elliptical, septate, 
non-constricted spores with a distinct oil-drop in each cell, and the 
species would seem to be very well marked. 

This is probably one of the most common and widely distri- 
buted species of non-stromatic Vectria, and, as is usually the case 
with species which are common and subject to more or less 
variation, has been much studied, greatly misunderstood, and many 
times redescribed. The perithecia in this species are large, com- 
pared with those of other species of the genus, ranging from one - 
third to one half millimeter in diameter and nearly globose, espe- 
cially when moist, with the ostiolum only slightly prominent. The 
color is from pale to deep orange, becoming deeper on drying, but 
often fading with age to very pale yellowish or whitish. The 
plants are usually widely scattered but occasionally crowded, 
giving somewhat the appearance of a stromatic form, but no true 
stroma is present. The perithecia produce no well-developed 
hairs but are often clothed with a growth of mycelial threads, 
which character seems to vary with conditions. Specimens col- 


* Notes on North American Hypocreales— I, appeared in Mycologia 1: 19-22. 
pi. 2. 1909. 
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lected in good condition are nearly smooth but become more or 
less roughened with age. The variation is not great but is suffi- 
cient to have led to some confusion. The perithecia at maturity, 
especially when dry, almost invariably collapse from the top, be- 
coming cup-shaped and in this condition very much resemble a 
Pesiza, which fact has doubtless suggested the specific name. 
This latter character has been the cause of considerable confusion, 

Most of the American specimens examined by Mr. Ellis have 
been referred by him to Nectria vulpina (Cooke) Ellis & Everh., 
while most of the foreign specimens examined by the writer have 
been referred by various authors to Nectria Peziza (Tode) Fries, 
but notwithstanding this fact close study of American and foreign 
material fails to reveal any difference. Nectria vulpina (Cooke) 
Ellis & Everh. was based on material collected at Newfield, New 
Jersey, and was first described by Mr. Cooke as a Peziza, a mis- 
take which is likely to be made on account of the close resem- 
blance of these plants to some of the cup-fungi. The species was 
later transferred to the genus Dialonectria by Mr. Cooke and still 
later to the genus Nectria by Saccardo, and still retained as a dis- 
tinct species, although there was no reliable character by which 
it could be distinguished from the commonly recognized species 
Nectria Pesiza (Tode) Fries. A specimen in the Ellis collection 
which is evidently cotype material of Nectria vulpina (Cooke) 
Ellis & Everh. has been closely studied with the hope of dis- 
covering some character by which it might be distinguished from 
Nectria Pesiza (Tode) Fries, but except for a very slight variation 
in the size of the spores this is a typical specimen of the latter 
species, as are the other specimens in the same collection referred 
to this name. 

Nectria betulina, which was described from American material, 
seems to be a form of the present species which occurs in cracks 
and crevices of bark, and, the perithecia becoming crowded, pre- 
sents the appearance of a stromatic form. The perithecia and 
spores are typical of Nectria Peziza (Tode) Fries and I am unable 
to separate it from that species. NVectria rimincola Cooke is a 
similar form. I give below a complete synonymy and description 
of Nectria Pesiza (Tode) Fries, based on our own study : 
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Nectria Peziza (Tode) Fries, Summa Veg. Scand. 388. 1849 
Sphaeria Pezsiza Tode, Fungi Meckl. 2: 46. 1791. 

? Peziza hydrophora Bull. Hist. Champ. 243. 1809. 

Peziza Dasyscypha vulpina Cooke, Hedwigia 14: 82. 1875. 
Nectria rimincola Cooke, Grevillea 11: 108. 1883. 

* Nectria lasioderma Ellis, Am. Nat. 1'7: 194. 1883. 
Dialonectria vulpina Cooke, Grevillea 12: 83. 1884. 

Nectria Umbellulariae Plow. & Hark. Bull. Calif. Acad. Sci. 1: 

26. 1884. 

Nectria vulpina Ellis & Everh. N. Am. Pyrenom. 103. 1887. 
Nectria betulina Rehm, Ann. Myc. 3: 519. 1905. 

Perithecia superficial, scattered, gregarious or occasionally 
crowded, globose or subglobose, usually collapsing from the top 
and becoming pezizoid, at first clothed with a scant covering of 
delicate, white, mycelial threads (no true hairs) which disappear 
with age, leaving the perithecia smooth or in very old specimens 
slightly rough and furfuraceous, 250-500 in diameter (mostly 
about 300/), varying in color from pale to deep orange, color 
darker in dried specimens, weathered specimens fading to pale 
yellow; ostiolum minute, in young specimens just visible and in 
older forms depressed and inconspicuous; asci cylindrical or 
clavate, 8-spored, 50-75 # x 5-8; spores broadly elliptical, ob- 
liquely 1-seriate or becoming crowded and partially 2-seriate, 
thick-walled, 1-septate, not constricted, with 1 large, conspicuous 
oil-drop in each cell, 10-14 x 4-64 (mostly 10 x 5); para- 
physes short, branched, not conspicuous. [PLATE 15.] 

On decaying decorticated wood, more rarely on bark, fungi, 
and old hemp cloth. 

Type Locatity: Mecklenburg, Germany. 

DisrriputTion: New York to Ontario, North Dakota, Cali- 
fornia, and Louisiana. 

ILLUSTRATIONS: Tode, Fungi Meckl. 2: f/. 15. f. 122; Bul- 
liard, Herb. France, p/. g70. f. 2; Currey, Trans. Linn. Soc. 22: 
pl. 57. f. 44; Berkeley, Outl. Brit. Fung. p/. 24g. f. 6; Greville, 
Crypt. Fl. 4: pl. 786. fF. 2. 


* The type of this species in oe Ellis collection i is so scant that scarcely a perithe- 
cium in good condition could be found, and it is impossible to make a thorough study 
of gross characters, The spores are typical of the above species. 
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Exsiccati: Ravenel, Fungi Am. Exsicc. 644; Ellis, N. Am. 
Fungi 774; Wilson & Seaver, Ascom. and Lower Fungi 16. 
Other specimens examined: California, Harkness ; lowa, Arthur, 
Seaver ; Louisiana, Langlois ; Maine, Harvey ; New York, Atkin- 
son, Brown, Seaver ; North Dakota, Seaver (various collections) ; 
New Jersey, Ai/is (various collections); Ohio, Hawkins, Morgan ; 
Ontario, Dearness, Macoun. 


Explanation of plate 15 


. Cluster of plants, natural size. 

. Several plants, 50. 

. Diagram section of plant, 50. 
. Cluster of asci, 1200, 


. One spore, 2500. 


wt 


The embryo-sac of Pandanus 
DouGLas HouGHTON CAMPBELL 


(WITH PLATES 16 AND 17) 


Among the interesting problems which are engaging the at- 
tention of botanists at the present time is the study of certain 
anomalies in the structure of the embryo-sac of the angiosperms, 
to which, of late, attention has been called. The stereotyped char- 
acter of the embryo-sac structures was long taken for granted ; 
but it is becoming more and more evident that the departures from 
the type are more numerous and more marked than has generally 
been supposed. Further discoveries in this direction are therefore 
naturally of interest. 

As the Pandanaceae are considered to be among the lowest of 
the Monocotyledons, it was thought that they might show some 
deviations from the ordinary type of embryo-sac and a special ef- 
fort was made to obtain material during a visit to the East Indies 
made in 1906. While in Java in the spring of 1906, I had an 
opportunity of collecting material of several species of Pandanus, 
and an examination of this made it evident that the embryo-sac in 
this genus differs very markedly from that known in any other 
plant. A preliminary note * was published giving the most im- 
portant facts. The present paper treats in detail the development 
of the embryo-sac up to what is probably the stage of fertilization, 
but unfortunately none of the material was old enough to show 
the fertilization and the early stages of endosperm formation or the 
development of the embryo. The results, however, seemed im- 
portant enough to warrant publication and are set forth at length 
in the following pages. 

The most marked departure from the typical embryo-sac that 
has yet been observed is that of Peperomia, in which the writer 
first demonstrated that there were normally sixteen nuclei instead 
of the eight characteristic of the typical embryo-sac.t Through 


*CAMPBELL, D. H. The embryo-sac of Pandanus. Preliminary note. Ann. 
Bot. 22: 330. 1908. 

tCampsett, D. H. The embryo-sac of Peperomia. Ann, Bot. 15: 103-118. 
pl. 6. 1901. 
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the work of Johnson * and Brown + other species have been investi- 
gated which agree in their essential structures with P. pellucida, 
the species in which the original discovery was made. A sixteen- 
nucleate stage was found by Schnegg { to occur sometimes in Gun- 


_nera, and Ernst § has recently shown that this is regularly the case 


in G. macrophylla. In the latter, however, the embryo-sac in its 
mature condition resembles more nearly that of the typical angio- 
sperms than does that of Peperomia. Ina preliminary announce- 
ment Stephens || has stated that in several genera of the South 
African family Penaeaceae the embryo-sac regularly contains six- 
teen nuclei, but the details have not yet been published. Certain 
Araceae also show certain marked deviations from the usual type, 
but these are not constant and their meaning is still obscure.4 
Shattuck ** reports in U/mus americana a condition intermediate 
between Peperomia and the typical angiosperms. More or less 
marked deviations from the type have also been observed in /x- 
glans *+* and certain Liliaceae, but these are less striking than in 
Peperomia and Gunnera. In anumber of plants representing widely 
separated families peculiarities in the antipodal cells have been ob- 
served, which, in some cases at least, point to an increase in the 
vegetative tissues of the gametophyte. There is often a greater 
or less enlargement of the antipodal cells which may be accom- 
panied by an increase in their number. This usually follows after 


* Jonnson, D. S, On the endosperm and embryo of Peperomia pellucida. Bot. 
Gaz, 30: I-11, f/. 7. 1900. 

——. On the development of certain Piperaceae. Bot. Gaz. 34: 321-340. pl. 
9, 10. 1902. 

¢ Brown, W. H. The nature of the embryo-sac of Peperomia. Bot. Gaz, 46: 
445-460. pi. 37-33. 1908. 

Scunecc, H. Beitrage zur Kenntniss der Gattung Gunnera. Flora go: 161- 
208. 1902. 

@ Ernst, A. Zur Phylogenie des Embryosackes der Angiospermen. Ber. Deuts. 
Bot. Gesells. 26a: 419-438. p/. 7. 1908. 

|| StepHens, E. L. A preliminary note on the embryo-sac of certain Penaeaceae. 
Ann, Bot. 22: 329. 1908. 

© CAMPBELL, D. H. Studies on the Araceae. The embryo-sac and the embryo 
of Aglaonema and Spathicarpa. Ann. Bot. 17: 665-687. f/. 70-372. 1903. 

—. Studies on Araceae, III. Ann. Bot. 19: 329-349. fl. 14-77. 1905. 

** SHATTucK, C. H. A morphological study of U/mus americana. Bot. Gaz. 
40: 209-223. 1905. 

tt Nawascuin, S. Ein neues Beispiel der Chalazogamie. Bot. Centralbl. 63: 
353-357. 1895. 
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fertilization, ¢. g., Sparganium and several Araceae, or this increase 
in number may take place before fertilization, as in certain grasses. * 
Many Ranunculacae are also characterized by a large development 
of the antipodal cells, which may become multi-nucleate, but ac- 
cording to Mottier ¢ the nuclear division is amitotic and is presum- . 
ably a secondary condition. The increase in the number of anti- 
podals in the Compositae and some other sympetalous forms is 
considered by Coulter { to be a secondary condition associated or 
involved in the formation of a haustorial organ. 

In Pandanus there is an increased number of nuclei, 7. ¢., 14 
instead of 8, and to judge from the most advanced stages that were 
met with, there is a failure to develop the definite structures of the 
typical embryo-sac. It is possible an examination of older ma- 
terial may show a development of further embryo-sac structures 
before fertilization takes place. 

The Pandanaceae, comprising the genera Pandanus and Frey- 
cinetia, are confined entirely to the old world, being especially 
abundant in the Malayan region, where they constitute a very 
striking feature of the flora. One species of each genus extends 
to the Hawaiian Islands. The Pandanaceae are usually considered 
to be among the lowest of the monocotyledons, and the present 
work was undertaken to see whether the embryo-sac structures 
showed any deviations from the ordinary angiospermous type 
which might be interpreted as of primitive nature. The results, 
as we shall see, indicate that the embryo-sac in Pandanus, at least, 
normally differs very much from that of the typical angiosperms, 
and that the differences indicate a less specialized condition, ap- 
proximating the very generalized type of Peperomia. 

The material upon which the following account is based was col- 
lected in Buitenzorg during my stay at the botanic gardens there 
from March to June, 1906. The collection of Pandanaceae in the 
Buitenzorg Gardens is without much question the richest in the 
world, and while there I collected all of the suitable material there 


* Cannon, W. A. A morphological study of the flower and embryo of the wild 
oat, Avena fatua L. Proc. Calif. Acad. II]. 1: 329-364. pl. 49-537. 1900. 

+ Mortier, D. M. Contributions to the embryology of the Ranunculaceae. Bot. 
Gaz, 20: 241-248, 296-304. p/. 17-20. 1895. 

{CouLrer, J. M., & CHAMBERLAIN, C. J. Morphology of angiosperms, page 
102. 1903. 
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was available. I must here express my deep appreciation of the 
great help afforded me by Professor Treub and the Director of the 
Garden, Mr. H. J. Wigmann, who gave me every assistance in pro- 
curing specimens. Pandanus offers special difficulties in securing 
material, as most of the species do not flower freely, and even under 
the extraordinarily favorable conditions at Buitenzorg only a small 
number of species flowered during my three months’ stay. 

Many of the specimens growing in the garden at Buitenzorg are 
still unnamed, as the limits of the species are still very poorly up- 
derstood, and the large genus Pandanus seems to be very much in 
need of athorough revision. Three of the species collected, how- 
ever, were named, two of them being comparatively small species : 
P. Artocarpus Griff., and P. affints Kurz. The other was the large, 
wide-spread species P. odoratissimus L. f., which extends as far as 
the Hawaiian Islands. The material was fixed in several ways: 
one per cent. chromic acid, weak Flemming’s solution, and acetic 
alcohol. All of the methods proved satisfactory. The younger 
flowers offer no difficulties in the way of fixation, but in the later 
stages the outer part of the carpels becomes hard and this must 
be cut away so as to expose the softer tissues surrounding the 
ovule. Owing to the small number of inflorescences that were 
available, it was impossible to obtain any of the stages subsequent 
to fertilization, but it is hoped that material may be procured which 
will supplement the account of the earlier stages which is given 
here. 

All of the Pandanaceae are dioecious. The pistillate flowers in 
Fandanus are in dense heads, which in the smaller species are 
borne several together at the end of a short branch, each head 
being subtended by a conspicuous bract. In the larger species, 
where the head of fruit may be as big as a large pineapple, the heads 
are solitary and enveloped in a large number of bracts. The Pan- 
danaceae have been placed close to the Sparganiaceae, and the 
heads of flowers, as well as the spiky fruit look very much indeed 
like those of Sparganium. In the smaller species; ¢. g., P. Arto- 
carpus (¥1G. 1) the flower consists of a single carpel, which, in form 
as well as in the position of the ovule, resembles that of Sparga- 
nium simplex, but the conspicuous scale-like bracts that surround 
the carpel in Sparganium are absent. In the large species like P. 
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odoratissimus several carpels are more or less completely coherent, 
and may be compared to the compound pistils of Sparganium 
eurycarpum or S. Greenti, Each carpel contains a solitary anatro- 
pous ovule attached to one side of the ovarian cavity very near its 
base. The placenta and the base of the funiculus bear thickly 
: placed glandular hairs. These are probably concerned with the 
conduction of the pollen-tube to the micropyle. 

The ovule presents no notable peculiarities in its form. There 
are two integuments, of which the inner one in the younger ovules 
projects somewhat beyond the outer one, which is not very strongly 
developed but finally reaches the level of the inner integument. 
On the inner side of the ovule the outer integument is completely 
adherent to the funiculus (Fic. 2), The embryo-sac is separated 
from the apex of the nucellus by several layers of cells. 

The nucellus is more or less pointed at the top, and there is a 
very sharply defined epidermis consisting of a single layer of cells 
except at the apex of the nucellus, where periclinal divisions 
occur, so that there may be three or four layers of cells in this 
region. This formation of periclinal walls, combined with an 
elongation of the cells, produces the more or less prominent beak 
which is usually present. FiGURE 3 shows a median longitudinal 
section of one of the youngest ovules that was found. This was 
from P. affinis, which differs slightly from the other species ex- 
amined in the form of the embryo-sac mother-cell, as well as in 
the greater thickness of the epidermis at the apex of the nucellus. 
As the older stages of this species were not available, it is impos- 
sible to say how they would compare with the corresponding 
stages in the other two species that were studied. 

The embryo-sac mother-cell at this stage is undivided, but it 
is easily recognized by its dense contents and its very conspicuous 
nucleus. In section it appears almost triangular in form with a 
pointed base and broad apex. Between it and the epidermis is a 
group of cells, probably tapetal or “ parietal” cells, and, to judge 
from the form and position of the group, they arise from the 
division of a single cell which presumably is a sister-cell of the 
embryo-sac mother-cell. 


| 
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DEVELOPMENT OF THE EMBRYO-SAC IN PANDANUS ARTOCARPUS 


The earliest stages of the embryo-sac found in P. Artocarpus (FIGs. 
4-6) were somewhat more advanced than that described for P. 
affints. The mother-cell is more nearly cylindrical and the base 
is truncate and sometimes almost as broad as the apex, and in 
such cases it forms the lowermost of a single series of cells, or at 
least such is the appearance in a longitudinal section. (See Fic. 
6.) More frequently the upper end of the mother-cell is broader 
and two series of parietal cells appear in longitudinal sections. 
These two series probably arise from a median division of the 
tapetal or “ parietal” cell, and by subsequent periclinal divisions 
give rise to about three layers of cells between the mother-cell 
and the epidermal layer at the apex of the nucellus. The sporog- 
enous cell divides by transverse division into two cells, of which 
the lower is the larger and becomes the embryo-sac. The upper 
cell, x, divides again into two by a vertical wall and these two 
small cells persist with little change for a long time, but finally 
disintegrate and are visible only as two small, darkly stained, 
shrunken bodies lying above the apex of the embryo-sac. In 
these early stages Pandanus conforms closely to the ordinary 
angiosperms, except for the vertical division in the upper sporog- 
enous cell, and differs from Peperomia and Gunnera in the for- 
mation of three cells which may be interpreted as megaspores, 
instead of having the sporogenous cell develop directly into the 
embryo-sac without preliminary division. 

Unfortunately no nuclear divisions were found, although these 
were carefully looked for, and this was true also for the later stages 
in the development of the sac. This was perhaps due to the fact 
that the material was all collected at about the same time of the 
day. The collectors brought the material in usually at about 
eight o’clock in the morning, and apparently the nuclear divisions 
occur at some other period of the day. 

It is probable, as in other forms that have been critically 
studied, that the first reduction division occurs when the spore 
mother-cell first divides. 


The youngest stage met with in P. Artocarpus is shown in 
FIGURE 6. The young embryo-sac is easily recognizable, the 
cytoplasm being noticeably more densely granular than that of the 
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adjoining cells of the nucellus, and the nucleus is somewhat larger, 
The nucleolus in this case lay in the cytoplasm near the nucleus, 
but this was doubtless the result of the nucleus having been sec- 
tioned and the nucleolus accidentally displaced in mounting the 
section. At this stage the embryo-sac had enlarged very little, 
being only slightly broader than the sister-cell above it, which in 
this instance was rather larger than usual, although there is a good 
deal of difference in different cases in this particular. FIGURE 4 
shows a slightly more advanced stage. The upper sporogenous 
cell is smaller and the nucleus less conspicuous than usual. The 
appearance of the transverse division in the upper cell is probably 
due to a shrinkage of the protoplasm, and this probably also ac- 
counts for the very small and poorly defined nucleus. The cyto- 
plasm of the young embryo-sac is vacuolate, and the conspicuous 
nucleus with its single nucleolus occupies the center of the cell. 
A slightly older stage is shown in FIGURE 5. The vacuoles have 
become more numerous but less definite and the nucleus is notice- 
ably larger. The sister-cell has divided longitudinally instead of 
transversely as is the case in most angiosperms. While this longi- 
tudinal division is rather unusual, it has been observed in a num- 
ber of other forms, both in monocotyledons and dicotyledons.* 

The young embryo-sac rapidly increases in size and the nucleus 
divides, one of the daughter nuclei moving to the upper end of the 
sac, the other to the chalazal end. The two nuclei are quite 
similar in appearance (FIG. 8), and the cytoplasm still occupies the 
whole cavity of the sac, although there are numerous large vacu- 
oles. The large vacuoles in the center of the sac finally unite, 
and by the time the second mitosis is complete (FIG. 9) a single 
large vacuole occupies the greater part of the sac and the cyto- 
plasm is mainly confined to the ends of the sac, there being only 
a thin layer lining the lateral walls, 

Up to this point Pandanus agrees exactly with the typical 
angiosperms, but the subsequent history of the embryo-sac is de- 
cidedly different. The two nuclei at the micropylar end of the 
sac undergo no further division, and in the oldest stages that were 
found, two nuclei only, unchanged except for an increase in size, 


* CouLTER, J. M., & CHAMBERLAIN, C, J. Morphology of angiosperms, pages 
75,76. 1903. 
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were invariably present. The history of the chalazal nuclei is dif- 
ferent. FiGcuRE 10 shows a stage with four chalazal nuclei, of 
which three appear in the section shown. The cytoplasm has in- 
creased noticeably in amount, and this becomes still more marked 
in the later stages. Owing to the failure to secure division stages, 
the sequence of nuclear divisions by which the number of the 
chalazal nuclei is increased cannot be determined. Several cases, 
one of which is shown in FIGURE I1, show six chalazal nuclei, but 
whether there is any rule as to which of the four nuclei of the pre- 
ceding stage divide and which remain undivided must for the pres- 
ent remain in doubt, and the same is true of the subsequent division 
by which the number of chalazal nuclei increases to eight and 
finally to twelve. There seem to be regularly twelve chalazal 
nuclei in the older stages, although it is possible that in some 
cases there may be only ten. 

There is more or less variation in the form of the lower end of 
the embryo-sac. It is sometimes pointed (FIGs. 9, 12), or it may 
be broad and rounded. Not infrequently one or more of the cells 
of the nucellus push up into it, so that the lower end of the sac is 
divided into short, sac-like extensions (FIG. II, @). 

In the most advanced stages that were secured, the embryo-sac 
had increased materially in size. At the micropylar end, which is 
narrower than the chalazal end, there are two nuclei, while at the 
chalazal end there are twelve nuclei embedded in a large mass of 
densely granular cytoplasm containing several conspicuous vacuoles 
(FIGs. 14-16). A similar but smaller mass of cytoplasmic material 
occupies the micropylar end, and the large central vacuole is 
bounded laterally by a rather thick layer of cytoplasm, which, 
however, contains no nuclei. In most cases observed there was 
no apparent differentiation of the micropylar cytoplasm, but in a 
very few instances, the most conspicuous of which is shown in 
FIGURE 14, there was a slight indication of what looked like the 
separation of an egg-cell and synergid, but this was very vague, 
and the limits of the egg, if such it was, were very poorly defined. 
At this stage, the two cells lying above the embryo-sac are still 
visible, but are evidently disintegrating. 

Corresponding to the enlargement of the embryo-sac is a 
marked increase in the size of the nuclei, which at the same time 
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show a distinct reticulum, while in the younger sac the contents 
of the nucleus appear more compact and uniformly granular, 
The nucleolus also increases much in size and becomes very con- 
spicuous. In P. Artecarpus the increase in size is more marked 
in the chalazal nuclei than in the micropylar ones, which are 
noticeably smaller. In the most advanced stages the arrangement 
of the nuclei is very similar to that in Peperomia /uspidula described 
by Johnson, except that there are fourteen instead of twelve 
chalazal nuclei in the latter, and these ultimately fuse into one 
enormous endosperm nucleus. No indications of any nuclear 
fusions were met with in any of the embryo-sacs of Pandanus, and 
the final history of these large chalazal nuclei must for the present 
remain undecided. 

Pandanus odoratissimus was also examined for comparison 
with P. Artocarpus, from which it was found to differ only in some 
minor particulars. This species has very large fruits with the 
carpels united into groups, forming more or less complete com- 
pound pistils, but the union of the carpels is a very loose one. 
The upper part of the carpels soon becomes very hard and woody, 
but the base remains succulent for some time and is easily sec- 
tioned. The inflorescences from which the preparations were 
made were about 6 centimeters in diameter, and it was supposed 
that these carpels had already been fertilized. It was therefore 
hoped that the later stages of the sac would be obtained, but ex- 
amination showed that in spite of the large size of the carpels, 
which were nearly 2 centimeters in length, the ovules were little 
further advanced and not noticeably larger than those in the 
apparently much younger and smaller flowers of P. Artocarpus. 
An examination of the stigma showed the presence of pollen- 
spores, some of which were still ungerminated, while others had 
emitted the pollen-tubes. None of the ovules that were examined, 
however, showed the presence of the pollen-tube, and the ques- 
tion must still remain open whether the sac undergoes any further 
changes before the actual fertilization occurs. In P. odoratissimus 
the two micropylar nuclei are quite as large as those of the chal- 
azal region (FIG. 21), and the largest sac found in this species was 
slightly larger than that of apparently the same age in P. Arto- 
carpus. In P. odoratissimus a few nuclei were seen which con- 
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tained two nucleoli, and one of these nuclei looked as if it pos- 
sibly might have been the result of the fusion of two. 

- Owing to the similarity in the appearance of the nuclei of the 
nucellus-cells adjacent to the young embryo-sac and those of the 
sac itself, the former may sometimes be mistaken for those belong- 
ing to the embryo-sac, but in the later stages the much greater 
size of the embryo-sac nuclei makes it very easy to recognize 
them. However, a structure is occasionally met with that is at 
present not quite clear. There is sometimes found a small cell 
(FIGS. 13, 15, 7) apparently cut off from the side of the embryo- 
sac, recalling the small cells of similar appearance cut off from 
the sac in Peperomia. The contents of these cells are densely 
granular like those of the embryo-sac, but the nuclei are usually 
small, and I am inclined to believe at present that these cells 
really belong to the nucellus and have pushed into the cavity of 
the embryo-sac somewhat in the same fashion. as those already 
mentioned as sometimes pushing up from below. The occasional 
occurrence of a small nucleus apparently free in the cytoplasm of 
the sac, and differing in appearance from the other nuclei, sug- 
gests that possibly the wall of this intruding cell may have become 
resorbed, discharging the nucleus into the embryo-sac. These 
points cannot be settled, however, until the history of the nuclear 
division is known. 

All of the cells surrounding the embryo-sac differ more or less 
from the outer nucellar tissue, having more watery contents and 
sometimes rather larger nuclei. They are probably concerned to 
some degree with the nutrition of the embryo-sac, and sometimes 
this central mass of tissue suggests a mass of sporogenous cells ; 
and it is not impossible that it really may represent a mass of 
sporogenous tissue of which only one cell gives rise to the spores. 

Various attempts have been made to explain, as modifications 
of the ordinary angiospermous embryo-sac, the peculiar conditions 
found in Peperomia and the other forms with a double number of 
nuclei. Johnson and Brown both believe that the embryo-sac 
in Peperomia represents four megaspores and not a single one; 
and Coulter * in a recent paper maintains that the embryo-sac 


*CouLTER, J. M. Relation of megaspores to embryo-sacs in angiosperms. Bot. 
“Gaz. 45 : 361-366. 1908. 
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mother-cell in all cases where there is no previous division is to be 
regarded not as a single megaspore, but as an aggregate of four, 
He thinks that the nature of the reduction division which precedes 
the formation of the embryo-sac necessarily involves the produc- 
tion of four megaspores, or at least of four nuclei which represent 
them. It undoubtedly is true that so far as we know at present 
the reduction division cannot be omitted where fertilization is to 
occur, but as Brown has pointed out, it does not follow that the 
presence of the heterotypic division in a cell in the nucellus is 
alone sufficient ground for holding that such a cell is necessarily 
a megaspore mother-cell, inasmuch as the reduction division may 
occur at various points in the life history of a plant. He further 
points out the well-known fact that all stages of reduction in the 
sporogenous tissue may be traced from the ferns, where a single 
archesporeal cell gives rise to a mass of tapetal cells and spo- 
rogenous tissue, to such angiosperms as Li/ium, where the spo- 
rogenous cell at once forms a single megaspore, He says, “ It 
does not seem reasonable to suppose that the division of the 
mother-cell into four megaspores may not also be left out and the 
mother-cell function directly as a megaspore. In this case the 
heterotypic division might be pushed forward and take place in 
the embryo-sac.”” The fact that the embryo-sac is actually, if not 
theoretically, part of the sporophytic structure, and the extensive 
reduction of the sporogenous tissue in the cells of the angiosperms 
in general make it somewhat rash to assume that the limits between 
sporophyte and gametophyte are as sharply drawn as they are in 
the pteridophytes. 

Brown bases his opinion that the four nuclei in the young em- 
bryo-sac of Peperomia represent separate megaspores, upon the 
fact that in the two first nuclear divisions in P. Simtenisii transverse 
cell walls are formed, and in P. pellucida cell plates accompany the 
two first nuclear divisions. In the third division which results in 
the eight-nucleate stage, cell plates are wanting. But, as in the 
last division, by which the sixteen-nucleate stage arises, cell plates 
are formed, and, in the case of certain of the nuclei, cell walls also, 
this seems rather inadequate grounds for assuming that the embryo- 
sac represents four spores instead of a single one. 

While the single megaspore in Peperomia and other similar 
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forms cannot probably be considered a primitive condition, this 
does not imply that the embryo-sac structures themselves may not 
be primitive in character. It is a significant fact that in the great 
majority of angiosperms the structures of the embryo-sac are not 
in the least affected by the number of divisions in the sporogenous 
tissue that precede the formation of the embyro-sac. The great 
variability in this respect shown by plants of near affinity, as in the 
often cited case of the Liliaceae, indicates that this is a matter of 
secondary importance. It certainly seems hardly likely that a 
structure made up of four megaspores should behave exactly like 
one derived from the germination of a single spore, and the generally 
accepted view that in such cases as Peperomia and Lilium the em- 
bryo-sac is a single megaspore formed without previous division 
from the mother-cell can hardly be admitted to have been disproved 
by these recent speculations. If we admit Coulter’s views as to 
the compound nature of the embryo-sac of Li/ium, we have still 
to explain why in Peperomia, where the course of development up 
to the beginning of the division of the embryo-sac is precisely the 
same as that of Zz/ium, there should later be such an extraordi- 
nary departure from the usual angiospermous type. And if the 
sixteen-nucleate embryo-sac of Peperomia is derived from the eight- 
nucleate one of a form like Heckeria, it remains to be explained 
why there are sixteen nuclei instead of eight, and why the subse- 
quent history is so different. In the Liliaceae, where there is an 
entirely analogous condition of things, the structure of the mature 
embryo-sac is not in the least influenced by the fact that in some 
cases there is a division of the mother-cell and in other cases the 
division is suppressed, and it is hard to see why, in the case of 
Peperomia, the development of the embryo-sac directly without 
preliminary division should result in such remarkably different 
structures, unless we admit that the sixteen-nucleate stage is an 
earlier type of embryo-sac which has persisted in a few existing 
genera like Peperomia and Gunnera. 

In Gunnera macrophylla, Ernst found the early development of 
the embryo-sac to be very much like that of Peperomia, but there 
was later developed a definite egg-apparatus of the normal type and 
a group of conspicuous antipodal cells. In G. Hasmiltonii, accord- 
ing to Schnegg, these structures are much less evident. Ernst 
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believes that the single sporogenous cell in Peperomia and Gunnera 
is less primitive than the four cells found in so many angiosperms, 
but he does not believe that this suppression of the divisions is in 
any way associated with the peculiar characters of the embryo-sac 
itself. He thinks that the sixteen-nucleate embryo-sac should be 
recognized as an independent type not in any way derived from the 
ordinary eight-nucleate sac, and this we believe will really prove 
to be the case. Whether the ordinary eight-nucleate type has been 
derived from this sixteen-nucleate form may be questioned ; but 
the condition in Gunnera macrophylla, which is almost intermedi- 
ate in character between Peperomia and the ordinary angiosper- 
mous type, makes this not at all improbable. I believe we are 
justified in assuming that the condition in Guanera macrophylla 
really does represent a condition nearly intermediate between the 
very primitive condition found in Peperomia and the familar eight- 
nucleate sac of the typical angiosperms. The recent announce- 
ment of still another sixteen-nucleate sac in the Penaeaceae may 
be referred to again in this connection. 

The peculiar embryo-sac of Pandanus cannot be explained on 
the theory of reduction from the typical eight-nucleate form. The 
embryo-sac in this case is one of three sporogenous cells, and even 
if we admit that it is composed of two megaspores, in one of these 
the nuclei are twelve in number instead of eight, while the other 
has only two. Of the forms hitherto described, Peperomia hispi- 
dula most nearly resembles Pandanus in the arrangement of the 
nuclei in the embryo-sac. 


SUMMARY OF RESULTS 


1. The pistillate flower of Pandanus may consist of a single car- 
pel, or of several loosely united carpels. Each carpel bears a single 
anatropous ovule. 

2. The primary sporogenous cell is separated from the epider- 
mis of the nucellus by several layers of parietal or tapetal cells, 
which are presumably derived from the division of a single tapetal 
cell. 

3. The primary sporogenous cell divides transversely into two 
cells, of which the lower, and larger one, gives rise at once to the 
embryo-sac ; the upper cell divides by an anticlinal wall again into 
two equal cells. 
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4. The first division in the embryo-sac results in two similar 
nuclei which occupy the poles of the sac. 

5. The micropylar nucleus divides but once; usually no trace 
of a differentiation into egg-cell and synergid can be seen, but 
occasionally there seems to be a suggestion of such differentiation. 

6. The primary chalazal nucleus divides repeatedly until twelve 
nuclei are formed; but the order of these nuclear divisions could 
not be determined, and the twelve resulting nuclei look very much 
alike. 

7. The nuclei increase in size as the sac grows, but in no cases 
were there seen any indications of nuclear fusions. In the most 
advanced stages that were secured, all of the fourteen nuclei were 
quite separate. 

8. In P. Artocarpus the two micropylar nuclei are somewhat 
smaller than the chalazal nuclei ; in P. odoratissimus they are equal 
in size ; otherwise the two species agree closely in the structure of 
the embryo-sac. 

CONCLUSION 

Until the fertilization stages can be examined, it will not be pos- 
sible to state positively that the fourteen-nucleate stage really rep- 
resents the condition of the sac at the time of fertilization, and the 
further history must be left for future investigation. Whether these 
investigations will reveal in the post-fertilization stages conditions 
approximating those in Sparganium, which in its floral structure 
resembles Pandanus, remains to be seen. Sparganium in the early 
development of the embryo-sac follows the usual course of devel- 
opment, and it is not until later that there occurs the extraordinary 
development of the antipodal cells. To judge from the conditions 
of the sac in the oldest stages that were met with, Pandanus differs 
very much from the typical angiosperms, and has its nearest ana- 
logue in Peperomia hispidula. The increased number of nuclei is 
evidently perfectly normal, and can hardly have been derived from 
the ordinary eight-nucleate type, nor can it be explained as a case 
of fusion of four megaspores, since only one of the megaspore divi- 
sions is suppressed. Probably the two micropylar nuclei representa 
primitive egg-apparatus consisting of the egg and a single synergid, 
but what relation, if any, the twelve chalazal nuclei bear to the 
antipodal and polar nuclei of the ordinary embryo-sac it is useless 
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to conjecture until the further history is known. For the present 
the embryo-sac of Pandanus must be assumed to represent a new 
type with its nearest analogue in Peperomia, from which it differs 
in its marked polarity in its early stages, and the apparent absence 
of any nuclear fusions, as well as in the fact that there are only 
fourteen instead of sixteen free nuclei. It probably represents a 
less specialized and more ancient type of sac than the typical eight- 
nucleate one. 

The recent work of Porsch on the embryo-sac has not been seen 
by the writer, and so it will not be possible to discuss here the 
views of that writer as to the homologies of the parts of the em- 
bryo-sac. From the references to his work by other investigators, 
it seems that he regards the egg-apparatus and antipodal cells of 
the ordinary embryo-sac as representing two archegonia. The 
condition of things in Pandanus would certainly lend no support 
to such a view. The accumulating discoveries of plants in which 
the double, or approximately double number of nuclei is normally 
present in the embryo-sac, makes it more and more likely that, as 
Ernst maintains, this really is a distinct type of sac not derived from 
the eight-nucleate one, but an independent and presumably more 
primitive type. It is to be expected that further researches will 
add to the number of these sixteen-nucleate sacs and may throw 
more light upon the characteristic eight-nucleate sac which distin- 
guishes the great majority of angiosperms. 


STANFORD UNIVERSITY, 
CALIFORNIA. 


Explanation of plates 16 and 17 
PLATE 16 


Fic. 3 refers to Pandanus affinis Kurz, the others all refer to P. Artocarpus 
Griff. Except Figs. 1, 2, the drawings were all made with a Leitz +, oil immersion, 
oc. 1, The drawings are reduced about one fourth in the reproduction. 

Fic. 1. A single pistillate flower of Pandanus Artocarpus, X 4%; 0, the ovule. 

Fic. 2. Section of a young ovule, about 40; m, the embryo-sac. 

Fic. 3. Longitudinal section of the nucellus of a very young ovule of P. afinis; 
the sporogenous cell is still undivided ; the nuclei of the parietal cells are shown. 

Fic. 4, Young embryo-sac, m, and the sister-cell, x. 

Fic. 5. Upper part of the nucellus showing the young embryo-sac, m, the sister- 
cells, x, and the parietal cells lying above. 

Fic. 6. A somewhat younger stage than the last; only a single row of parietal 
cells. 
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Fic. 7. A somewhat older stage; the embryo-sac contains two nuclei, only one 
of which shows in the section. 

Fic. 8. Embryo-sac with two nuclei; only one of the sister-cells, «, shows in the 
section. 

Fic. 9. Embryo-sac with four nuclei ; only one of the micropylar nuclei is seen in 
the figure. 

Fic. 10, Embryo-sac with two micropylar and four chalazal nuclei. 


PLATE 17 


Fics. 17-21 refer to Pandanus odoratissimus L., the others to P. Artocarpus ; 
all figures drawn with Leitz ,, oil-immersion, oc. 1. Reduced one fourth in repro- 
duction, 

Fic. 11. Embryo-sac having six chalazal nuclei, four of which are shown in a@; 
one of the nucellar cells has pushed up into the base of the embyro-sac ; 4, the micro- 
pylar end of the same sac, showing the two cells, x, above the sac, 

Fic. 12, @. Micropylar end of an embryo-sac with eight chalazal nuclei; the re- 
mains of the two sterile ‘‘ megaspores’’ are seen above the sac. 6, Chalazal end of 
the same. 

Fic. 13. Transverse section of the chalazal region of an embryo-sac with 8 
chalazal nuclei. The small cell, y, probably belongs to the nucellus. 

Fic. 14. Upper end of an embryo-sac in which there was an apparent slight dif- 
ferentiation into a synergid (?), s, and an egg-cell (?), 0 ; one of the chalazal nuclei is 
seen. 
Fic. 15. Chalazal end of the same sac; there were probably 12 chalazal nuclei ; 
the small cell, y, probably belongs to the nucellus, 

Fic. 16, Chalazal end of one of the largest sacs that was found — 12 chalazal 
nuclei were present. 

Fic. 17. Apex of the nucellus of a young ovule of P. odoratissimus ; the embryo- 
sac had four nuclei. 

Fic. 18. Micropylar end of the sac shown in Fig. 17 ; one of the two nuclei is 
shown. 

Fic. 19. Mature (?) embryo-sac showing one of the two micropylar nuclei, and 
three of the twelve chalazal ones. 

Fic, 20. Transverse section showing six of the twelve chalazal nuclei. 

Fic. 21. The two micropylar nuclei from the same sac, 


The power of growth exhibited .by ostrich ferns 


GEORGE E. STONE 


The power of growth exerted by plants is frequently so great 
that the work accomplished in some cases seems almost incredible. 
It is the purpose of this paper to give the results of some obser- 
vations made by the writer relating to the power of growth in 
plants. 

The writer has had for many years a number of ostrich ferns 
(Onoclea Struthiopteris Hoffm.) growing about his residence, where 
he has had an opportunity to observe them daily. These ferns 
have received the best of care and many of them have attained a 
very large size. Previous to planting them the beds in which they 
are growing were dug out to a depth of a few feet and filled with 
soil most suitable for their luxuriant development. Some of these 
beds are located close to the house, which has a border of tar con- 
crete varying from 2% to 5 feetin width. The ferns growing 
close to this border spread profusely and as the beds are rather 
limited in size the ferns frequently push their rhizomes under the 
concrete and the young frond stalks force themselves up through 
it. The concrete is composed of tar and coarse gravel mixed and 
rolled in the usual way, and has been laid for a number of years. 
It is from 2% to 3 inches thick and exceptionally hard, and a 
heavy stroke from a sledge-hammer makes little or no impression 
upon it. : 

The rupturing of the concrete by the young frond shoots 
occurs almost yearly. Sometimes the concrete is ruptured where 
it joins the underpinning of the house, and again the ferns come 
up through the middle of the concrete. This occurs in the spring, 
when growth is active and when the fronds are unfolding. While 
those fronds which push themselves up through the concrete are 
necessarily more backward in unfolding than those not obstructed 
in their growth, it requires only a week or ten days, as a rule, for 
them to rupture the concrete, after which time they unfold quite 
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rapidly. In one case, however, it required two years for a certain 
group of fronds to break through the concrete. 

The ease with which this is accomplished and the relative free- 
dom of the fronds from scars and injuries is remarkable when one 
takes into consideration. the solidity of the concrete and the 
enormous power necessary for rupturing it. 

Being interested in this phenomenon, we endeavored to ascer- 
tain approximately the power required to accomplish this ruptur- 
ing; therefore we excavated a portion of the soil under the 
concrete and arranged a lever in such a manner that force could 
be applied in practically the same way as was done by the ferns ; 
that is, a round piece of wood was placed on the end of the lever 
of the same dimensions as the undeveloped cluster of fern fronds. 
The fulcrum of the lever was 1 foot from the point of contact with 
the concrete, and weights were placed on the other end of the 
lever at different distances, as the case required. Our object in 
this test was to ascertain how long it would take to rupture the 


FicurE 1. The rupturing of concrete by the young fronds of ostrich ferns 
( Onoclea Struthiopteris Hofim. ). 


concrete and to determine the amount of weight necessary to do 
this. It was not intended to apply force enough to cause a 
rupturing of the concrete immediately, or even in a few hours, but 
to determine how much weight it would require to do this in ten to 
fifteen days ; in other words, the same length of time as was usually 
required by the ferns to accomplish this. In this way we could 
obtain some idea of the force exerted by the fern fronds in break- 
ing through the concrete. 

In one test, which we will designate no. 1, where the pressure 
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exerted on the under surface of the concrete was equal to 699 
pounds, rupturing occurred in a few hours. In another instance 
(test no. 2), where a weight of 264 pounds was applied, it required 
ten days to break through, and in still another (test no. 3) it 
required thirteen days for a weight of 189 pounds to produce the 
same effect on the concrete as that caused by the ferns. A few 
other tests were tried, but those given are typical of the results 
obtained. 

In test no. 1, where a weight of 699 pounds was used and the 
concrete was ruptured in a few hours, the pressure applied ex- 
ceeded that exerted by the ferns, and this is probably also true of 
test no. 2, in which a weight of 264 pounds was used, although 
in some instances this might not exceed the work done by the 
ferns. The force applied in test no. 3 was very similar, as regards 
length of time required and the manner of breaking through, to 
that actually accomplished by the ferns. This test, therefore, 
represents a fairly good duplication of what actually took place, 
and represents, at least in our estimation, the amount of force re- 
quired to accomplish the same results shown by the ferns. If we 
take into consideration the average cross-section area of the frond 
shoots, which equals in one instance 39.15 square millimeters, 
we have, since there were six of these, 234 square millimeters as 
the total cross-section area of the frond shoots. In this test we 
found that the weight required was 189 pounds, or about 84,672 
grams. This factor divided by the total area of the frond sec- 
tions, or 234, equals 361 grams to each square millimeter of cross- 
section surface, or about 35 atmospheres. From the results of the 
various tests we are led to believe that this calculation is not an 
overestimate of the work actually accomplished by these ferns. 
Employing the same data for test no. 2, we would obtain a pres- 
sure of 49 atmospheres, which in our estimation, is somewhat in 
excess of the pressure actually exerted by the ferns. It should 
be pointed out, however, that tar concrete is much modified by 
temperature ; at the same time the temperature was much higher 
at the time of the lever experiments than when the rupturing was 
done by the ferns, which occurred in April and May, while the 
experiments with the lever were done in May and June. The 
ferns were observed very closely during the time they were rup- 
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turing the concrete. This substance was so hard that after it had 
been pushed up it was impossible to make any impression upon 
the ragged edges except by the use of tools. The fern fronds, 
when pushed through the concrete, were practically unscarred 
in all cases and were normal in shape. The work was accom- 
plished by a slow and constantly increasing pressure exerted on 
the under surface of the concrete. 

There are many instances on record showing the great power 
exerted by plants when growth is restricted. It is well known 
that such restriction acts as a marked stimulus to the osmotic 
properties of the cells. Pfeffer * and others have measured the 
power of growth in various plant organisms, and in one instance 
Pfeffer records a longitudinal pressure equal to 24 atmospheres in 
the roots of Zea Mays, when encased in plaster of Paris. The 
writer has observed many instances where considerable power has 
been exerted by plants in overcoming difficulties. He has 
occasionally observed mushrooms breaking through tar concrete 
walks near dwellings, in which instance much power was exerted 
by these most delicately constructed plants. Cases are on 
record where flagstones have been dislocated by mushrooms 
which grew under them. We observed also in one instance a 
large dwelling house with one corner elevated a few inches above 
the others by the presence of elm roots under the foundation, and 
the dislocation of sidewalks, curbings, etc., by tree roots is a 
matter of common observation. 

There are innumerable instances seen in mountainous regions 
where the roots of trees growing among ledges and boulders have 
moved large masses of rock. The writer has had under observa- 
tion for many years a black birch tree, one of whose roots is con- 
tinually elevating a large boulder. This particular tree has been 
growing in this situation for many years and one of the roots has 
entered a fissure in the boulder. This crack or fissure is at an 
angle of about 15 degrees, and where the root passes between the 
two halves of this boulder its vertical diameter is 4 or 5 inches, 
while its lateral diameter is 18 or 20 inches or more. Careful 
measurements of the dimensions of this boulder, together with 
specific gravity determinations, would indicate that the weight is 


*«* Druck und Arbeitsleistung durch wachsende Pflanzen,’’ 1893. 
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about 18 tons, which is annually being lifted higher and higher 
by the root situated between the two halves. 

The experiments made some years ago by Clark, at the Massa- 
chusetts Agricultural College, in harnessing a squash, showed that 
it was capable of growing and developing under a weight of 5,000 
pounds, but from data obtained in this experiment it would appear 
that there were not more than two or three atmospheres developed 
in the cells, and hence not remarkable from the point of view of 
pressure exerted by the cells. The average pressure exerted by 
ordinary growing cells is from one to three atmospheres, but by 
resorting to stimulation this pressure may be enormously increased 
and may even exceed one hundred atmospheres, as in the case of _ 
moulds growing in concentrated solutions. 
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